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VIFD-TUNFEL INVESRIGATION OF COWTROL-SURFACE CEHARACTERISTICS
IV - A MEDIUHM AERODYWAMIC BALANGE OF VARIOUS NOSE SHAPES
USED JITH A 30~-PERCENT-CHORD FLAY ON AN NACA 00C9 AIRFOIL

By #iltor B, 4mes, Jr,, arnd Donald R. Fastman, Jr.
SUMMARY

Yests have bPeen made in the NACA 4~ by G~foot vertical
wiad tuannel of an HACA D009 airfoll with a 30-perceant-chord
flap having a medium emcunt of aerodynamic overhanging bal-
ance., In the investigation the effects of the shape of the
flap-nose overhang and the gap at the ncse of the flap have
been determined. 4 fev tests were made to datermine the
elfectiveness of a tat oan the balanced surface, The aero-
dynanic sectlon characterisfics of the various arrangements
tested are given, & partial analysis of the data has teen
made, and ths results discussed.

The results indicate that, in general, the 1ift effec~-
tiveness of the aerodynaamically balanced flap was increased
slightly over that of a plain flap when a blunt or medium
flap nose was used on the balanced flap. The balance effec~
tiveness of the flap having the medium amount of aerodynamic
balance showed an appreciable increase over that of a flap
having a small aserodynamic balarce. The flap with the
blunt nose shape proved to be the most effective in reduc-
ing flap hinge moments. The adverse effect of an unsealed
gap on the balance effectiveness of the flap with a medium
amount of aerodynamic overhang appeared to be of smaller
magnitude than for a plain flap or & flap having a small
gerodynamic overhang The medium nose on the flap gave the
highest values of llft at positive angles of attack and
flap deflection with the largest gzap tested. The effective-
ness of a tab as a balancing device for a flap having a
medium amount. of aercdynamic overhang was slightly less
than for a plain flap., The minimun profile-~drag coefficient
of the airfoll with the most tepered nose shape was 0.0024
greater than for the airfoil with the blunt nose flap, .
wvhlile the medium nose flap on the airfoil resulted in &n
increase of 0.0014 in profile-drag coefficient over that
for the airfoil with the blunt nose flap,
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INTRODUCTION

The problem of reducing the hinge moments on the con=~
trols of an airplane is becoming more acutewith the lne
creases of speed and size of modern airplanes. To copé
with this problem the NACA has in progress an extensive
investigation of the aerodynamic characteristics of con-
trol surfaces. The investigation has as its purpose the
presentation of design data for the determination of the
types of flap arrangement suitable for use as control sur-
faces. Because a2 conventional control surface is merely
a flap on an airfoil, these two terms are used synonymously
in this paper. ‘

As part of this investigation, the effects of flap-
nose shape, flap-nose gap, and balance on a typical hori-
zontal tail of finite span were determined in the full-
scale wind tunnel. (See reference 1.) The more detailed
part of the investigation is, however, being made in two~
dimensional flow.

The first part of the two-dimensional flow investi-~
gation was the determination of the section characteris-
tics of airfoil-flap eombinations with plain flaps of
various siges and with sealed gans. (See references 2,

3, and 4.) The data presented in references 2, 3, and

4 have been analysed, and parameters for determining the
characteristics of a thin symmetrical airfoil with a plain
flap of any chord and a sealed gap at the flap nose are
given in reference 5, The results of force tests of a
plain flap with various gaps at the flap nose are reported
in reference 6., Tests to determine the effect of flap-
nose shape on a 20-percent-chord flap having a 20-percent~
flap~chord overhanging balance with wvarious gaps at the
flap nose were conducted in the HNACA 4- by 6~foot wind
tunnel, aqd the resulis are presented in reference 7.

The present investization consisted of tests of an
airfoil having a 30-percant-chord flap with a 3b5~percent-
flap-chord overhanging balance of several nose shapes and
with varlous amounts of gap at the flap nose. To ezpedite
*¥e publication of the deta, only a very limited analysls
: the results has been made,




APPARATUS AYD MODEL

The sests were made in tnc NACA 4- by 6~foot verti-
cal wind tvnnel (reference 8), modified as described in
refzrencs 2 for force tests inm two~dimensional flow. &
three~component balance system has besn installed in the
tunnel, On this bulance, the werodynamic forces of 1lift,
drag, and the piltching moments are measured independently
end simultaneousiy. The hinge moments of the flap and the
tad are mecsured with special torque rod balances build

into the model.

The 2-foo%~chord ¥y 4~foot~span mcdel was the same

model used for the invesitigatlons reporited in references
6 and 7, but with modifications so that tects could be
made with e medium overhanging bzlance on the flap, (See
fig., 1.) The médel wes made of laminated mahogany to the
NACA 0009 profile, the stations and ordinates of which are
glven in table I, The flap chord, measured from the flap
hinge axis to the trailliag edge, is 30 psrcent of the air-
foil chord. ' The overhanging balancs ahead of the flap
hinge axis is 3% percent of the flap chord. The flap-nose
shave ani the gap betwveen the airfoil and the flap were

varied by detachable flap nose blocks and airfoil tail
" blocks ahead of the flap nose, In accordance with the
results of the flap-nose-shape investigation in reference
7, three flap nose shapes similar to those previously in«
vestigated were tested. The nose shapes are shown in
figure 1, and are desisnated blunt, medium, and sharp.
The teb was made of brass, and the nose radius is approzxi-
"mately one-half the airfoill thickaness at the tab hinge
axis. The gap between the flap and the tab was fixzed at
0.1 of 1 percent of the airfoil chord.

The model,wvhen mounited in the tunnel, completely
spanned tke test section. With this type of insteliation
two~-dimensionel flow is approximated, and the seciion
characteristics of the airfoil; flan, and tab can be de-
termined. The model was attached to the balance frame by
torque tubes, which extended through the sides of the tun~
nel. (See reference 2.) The angle of attack wasset from
“butaide the Sunnel by rotating tia: torgue tubag with
an electric drive. Tlap and tab deflections vere set in~
slde the tunnel and were held by friction clamps on the
torgue.rods which were used in meaguring the hinge moments,
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TESTS

The tests were made at a dynamic pressure of 15 pounds
per scuare fooi, which corresponds to an air velocity of
atout 76 miles per aour at standsrd seca~level comnditions,
The effective Reyumolds nuubter 5f tkhe tects was approximately
2,760,000, (3ffective Reynolds nuuber = test Reynolds
nunber X turbulsnce facicr. Tne turbulence factor for the
4~ by 6-ft verbicecl tumnel is 1,93.)

Tegts were made on the airfoil with the blunt, medium,
and sharp nose flaps to determine the effects of sealed
gap and 0,0C0lc, 0,%05c¢c, and 0,010c¢c size gaps at the flap
nose., Flap deflections were set from 0° to 18° or 200 for
the tests with sealsd gap and fuom 02 to 25° in 50 inecre-
ments for the tesis of the various vuvmsealed gaps. The
flaps with ths charp.and medium noses were tested at a
flap deflection of 180 instead of at 200 because 18° wvas
the meximum deflection at which these flap-nose cshapes
could be tested with the gap grease—~sealed.

Tab tests wers made using the medlum flap nose only,
Deflections of the $2b of 0° and £15° were tested at flap
deflections of 0° and 102, The gan at the flap nose was
sealed Ffor 211 tad Htests,

Throughout all the tests, lift, drag, and pitching
moments of the airfoil and the hinge moments of the flap
and the tab were measured., For each flap or tadb setting,
force tests were made throughout the entire angle-of- .
attack range from negative stall to positive siall at 2°
increments of angle of attack., UNear the airfoil stall,
howvever, the results at increments of 1° were recorded.

RESULTS -
Synbols

The coefficients and the symbols used in ‘this paper
are deflined as follows:

cq airfoil section 1ift coefficientr<-l-)
qac

cdo airfoil section profile-drag coefficient (:E§->
: ' q

c airfoil section pitching-moment coefficient about

m

the gquarter-chord point of the airfoil <-£H;>
qe™
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cy flaep section hlnge-moment coefficient ( —«i—
£

Chy tab section hinge~moment coefficient (——&->
Q_Ct
vhere

airfoil gection 1i®%

-?

Gy eairfoil prolile dreg

z airfoil section pitching -moment about the quarter~
chord point of the airfoll

he flap section kinge moment
ht tab secuion hlnge moment
c. cnord of. airfoil with flap and tab neutr&l

Cp flap chord (measured'from fla 'hinge'axis to
) ' t”ailln: sdges, tab neutral

Ct‘ tab caord
g dynamic pressure (1/2p7V")
and

o angle of attack for airfoil of infinite aspect
ratio

8p flap deflection with respect to airfoil

8t tab.deflection with respect to flap

" Precision

The accuracy of the data is incdicated by the devia-
tion from zero of the 1ift and moment coefficients at zero
angle of attack and flap defiection., The maximum. error

in effective angle of attack at zero 1lift appears to be
”about +0, 2°,

Lunnel corrections, experimentally determined in .the

-4~ by 6~foot vertical tunnel, werse applied to the 1if%

coefficients only., The hinge-moment coefficients, there-~



fore, are probably higher than would be obtained in free
flizht; hence the values presented are conslidered to be
conservative. The increments of airfoil profile-drag
coefficient should be reasonably independent of tunnel
effect although the absolute values of the drag coeffi-
cient are subject to an undetermined correction.

Inaccuracies in the airfoil, flap, and tab-section
data are thought to be negligible relative to the inac-
curacies that will be incurred in the application of the
data to practical installations.

Aerodynamic Section Characteristics

The results of the tests to determine the section
characteristics of the airfoil and the flap having a
0.35cf overhang and blunt nose are given in figure 2(a)

for the sealed-gaep condition, in figure 2(b) for a 0.00lc

gap, in figure 2{(¢) for a 0.005c gap, and in figure 2(d)

for a 0.010c¢c gap. In figures 3{a), 3(v), 3(c), anda 3(a) -
and 4(a), 4(b§, 4(c), and 4(a) the results of tests of

the verious gap conditions for the airfoil with the flap
having the medium and sharp nose, respectively, are pre~
sented.

DISCUSSION

Lifs

de
The slope of the lift-coefficient curve <17~l> s
0xg 8p

in agreement with the results of references 6 and 7, was
approximately 0,097 for the condition of sealed gaps, re-
gardless of the flap~nose shape, In gemneral, incresacses

in the size of the gap at the flap nose caused the value

aC‘l

of <
Qg

) to decrease, The lift-coefficient curves
8

£

for the conditions of unsealed gaps become lncreasingly
nonlinear as the angle of attack, flap deflection,or the
taper of the flap nose increased. The flep lift effectiver

ness, QQQ\\ was also greatly affected by the presence

8
3 f/c1
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of a gap at the flap nose. In general, increaseé in the

' : 0%
gap size gave decreas&s in the value of 860> » and
2/
c

}

the magnitude of these decreases were the greatest at the

chigh values of .cq. ZExceptions to the foregoing statement

wvere noted in the case of the flap with the medium nose
and with gap of 0.005¢ and 0.010c. ({See figs. 3(p) and
3(da).) At positive values of ey and flap deflections

do
asf o1

between 10° and 15° an increase in < was observed,

and the magnitude of the increases was greater with the
larger gap.” The condition is probably caused by a radical
flow phenomenon and was also observed in the results of
reference 7, but to a lesser degree,

Pitching Moments

With the blunt nose flap neutral and the gap sealed,

"the rate of change of pitching-moment coefficient with

dc

dc
1ift coefficient <-—JE> was about 0,010, which ;s in

Igf-

agreement with tﬁé’valﬁes giveq\in_refereﬁces 6 and 7.

 The greatest eifebt'df-iﬁéreasing the gap on ¢, was the

reduction in EEE-) » which was observed at high val-
' Bz 4, . ~

ues of cq. This result is indicated by the steepening

of the ¢, curves for - -the various values of 8ps With

the gap upsea'le‘d, the value of (53-%-9-) also decreased

. f 01'
with increase in taper of the flap-nose shape. (See figs,
2(e) and 2(d4), 3(c) and 3(d), and 4(c) and 4(d).) .

Hinge Moments of the'Fiap

The effect of the presence of a gap, gap size, and
flap~-nose shape on the variation of the flap hinge-moment

oc
coefficient with 1ift coefficient (-Sjii s as shown
. cq



by the data in figures 2, 3, and 4, was negligible. For
the flsp with the medium and sharp nose shapes, at a given

8

value of’ Cqa however, the value of ( 55 ) increased
. £

very slightly as the gap was increased. The lowest value

dc
of < EN?f> was obtained with the blunt nose flap; and
f . .

the value of the parameter increased ‘with increase in taper
of the flap nose.

Criterion of Bazlnnce Effectiveness

A criterion of balance effectiveness is the increment
in flep hinge-moment coefficlent Achf for a given incre-

ment in 1ift coefficient Acy. Figure 5 showus this char-~
acteristic of the flap with the blunt nose at angles of
attack of -8°, 0°, 8° and the various gap arrangements
tested. Similar plots are presented in figure 6 for the
flap witn the medium nose, and in figure 7 for the flap
with the sharp nose.

Effect of caps.— In gereral, the results indicate
that for the medium and sharp nose flaps, as the gap size

increased, the Achf for a given Acy 1increased slightly

at angles of attack of -8° ana 0o The maximum value of
Ac1 at an angle of attack of 0° vas, however, obtained

with the medium nose flap and the largest gap. For the
high positive angle-of-attack condition the sealed gap was
best for the sharp nose flap. The medium nose flap was
best at the high angle~of-attack condition with the gap
sealed for flap deflections up to 10°, while for flap de-
flections greater than 100 the largest gap gave the highest
values of &cyi. In contrast to the results obtained in
references.?, the blurt nose flap appeared to have the most
balance effectiveness with the largest gap for all angles
of attack investigated. For the flaps with the 0.35ce
overhang, however, the effect of the presence of gap or
gap size was slight, except at the high positive angle of
attack,

Effect of flap nose shape.~ In agreement with the
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resalts of reference 7, the blunt nose flap gave the
smallest values of Ac for a given Ac,. The medium
nose flap, kowever, m91£ta1ned 1if% and balance effective-
negs at higher flap deflections for all angles of attack
than did the blvat nose flap, and, herce, gave the largsr
valves of Acy, The balauce effectiveness of the sharp
nose flapy was less shan for either the bPluut or redium
nose flap. Tac valuee of ALcp, for a given value of Acy

much less for the flap having the 0.2Bce overhang than for
the flep hevias the 0. »20ce overhang reported in reference
7.

Dab Characteristics

In accordance with the conclusion of reference 7
that tab characteristics were generally independent of
flap~nose chape. only a very limited investigation of tabd
characteristics on the flap aaving a 0.35¢c, overhang was
conducted. The aerodynamic sectiocn characteristics of
the airfoil with the medium nose fiep neutral and deflect-
ed 10° for tab deflections of 0° and +£15° are presented
in figure €.and exhibit no unusual characteristics. - -The
values of 4A¢y sod Ach, caused by tab deflections for

the flap neutral and deflected 10° are plotted for angles
of attack of ~-8°, 0°, and 89 in figure 9, Tae results
indicate that when the flap was nsutral or deflected 10°
the values of ALcy caused by tab deflection were general-
ly about the same as those for the plein flap reported in
reference 6 and the flap having a O.Sch overhang reported

in reference 7, The values of Achf caused by tabd de-

flections were generally slightly less than those obtained
with the tab on a plain flap. This result would indicate
the balance effectiveness of a tab on a flap having a me-
dium amount of overhanging balance is slightly less than
for a plain flap and tab combinsation,

Profile Drag

Because generally the dreg coofficient of a $aill sur-
face 1is considered only for & high-spsed or cruising~-speed
condition, the profile-drag coefficients for all test con~
ditions have not been pressnted, The profile~drasg coeffi-
clents are plotted in figure 10 agelilnst the sirfoil section
1ift coefficients for the affpfoil with the flap neutral and

.
e e R td
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for ecch flap-~nouse skape and gap arrangeament btested. With
esca flap-nose shape the drag increased with increasing gap
and the increments caused by gap became greater as the

1if% coefficient varied from zero, The minimum prolile~
drag coefficien’ was obtained with the blunt nose flap hav-
the gep sezled, arnd wes 0,.0098, With the biuant noss IJap
and.sesaled—gap condition as a pasis, the incremert of
profile~drag coefficient with the medium flap nose shape
andl zgap sealed was 0,0014, while with the sharp nose shape
and gap sealed the increament in profile-~dreg coefficlent
was 0.0024, Becsuse of a relatively large unknown tunnel
correction, the drag coefficients cannot be considsred
absolute; however, the relative values should be independ-
ent of tunnel effects. ‘ ]

Parameters.~ The use of asrodynamic -paraneters is a
direct means by which the characteristics of the differ~
ent flap~nose shapes end the various amounts of aerody~
namic overhang mnsy bhe conpared. (See reforence 5.) It is
not within tkhe scope of this paper to make a compleis
analysis by this msathod, but it is _imporbtant that, in gen~-
eral, the effect on the parameters of the aerodynamic
overhang, flap-~nose shape, and gap be treated.’

In agreenment with tho raaulbs*of‘refeiﬂnces G.énd 7;

de
the value of < 1) for the- blunt nose- flap neutral
3o 8¢

and the gap sealed was 0.097., HAs.alreadyp—disenssed, the
value of this parauneter decrensed as the gap gsize increased,
the magnitude of these decreases baing largest for the

. ol
‘sharp nose flap. The flap lift--effoctiveness ~ 360>
. f7¢
.for the biunt and medium nose-flaps-with the gaps sealed
was about -0,60., Tl.e value of the flap Lift effectivensss’
for the blunt nose and medium -nose 0.30c Fflapsg having a
0,35¢c, overhang was therefore slightly-higher than the
flap effectiveness of ~0,57 for the 0.30c plein flap. and
0.30c¢ flap having a 0.20cy overhang-as-reported in refer~

ences- 6 and 7. The .reductions_in "—EE%) gaused by
. . 3s. ~<3J,./’

2 :
the "presence. of a gap-at-ithe-flap _nose were greatest-at
the high values of c¢i. The 1ift effectiveness of the
sharp nose flep was goenarally less than for the-medium and
blunt nose flaps for all test- conditionsa.._
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Two paramneters of major concern to the designer of
a coatrol surface are the flap hinge-moment parameters,

dc: dc¢
ﬂf) and /' hg) The flap with the 0.35c, over-

hang had a valune for (—%~i> of about ~0,0025 for
a
Ly

2ll nose shepes with gaps sealed, and this value was. re-

ducsd slightly with gap. The value of < Bo,>
0

tained with the flap having a small overhang in reference
7 was about -0.00€60, which indicctes that the 0.35c, over-

hang on the flap resulted in an appreciable reduction in |

dchf

the value of this parameter., The valtve of 3% >

. F i
varied with nose shape. With the dlunt nose shaps end
sealed gap the velue vas -0.0033, which was the lowest
value obtained with the 0.Z5cy overhang on the flap. The

Bchf

values of <'SE““> for the medium and sharp nose‘flqps
7

0
were about -0.0055 and =-0.,0076, respectively, The small-

est value of ( 88 ) for the flap with the 0. 200f

Qo
overhano (reference 7) was obtained with the blurt nose

flap and vas -0.0088, The wvalues of ( 88 ) vere gen-

_erally reducad by the presence of a gap. JFrom this dis-

cussion, it would follow that the parameter for free-

control effectiveness <§§i> will be the highest
O:IO '_ 0 -
Che. .

for the blunt nose flap., L

Becaunge the effoct of gap on certain parameters is
gquite marked, it is esserntial that some additional con-
sideration bo givon to this phonomonon, The changes in
tho parametors caused by gap incroase in magnitude as the
angle of attack, flap deflection, or 1lift coofficlont
increases positivoly from zero, These changes in the values

e mme e . mm Ae e Wt T S et s AT e e w e e g e -
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of the parameters indicate a trend toward & nonlinear
variation of the aerodynamic coefficients; and when the
nonlinear variation is large, the parameters cannot be
used accurately to determine the asrodynamic characteris-
ticg of a control surface,

CONCLUSIOES

The results of the tests of a 0.30c flap having a
0.35cf aerodynamic overhang indicate that the largest re-

duction in the flap section hinge-moment coefficient was
obtained with the blunt nose flap, The 1lift effeciiveness
of the flap with either a plunt or medium nose shape and

a 0.35c, overhang wes slightly greater than that obtained
with a plain flap or a flap having a small serodynamic
overhang., The adverse effect of a gap at the flap nose on
the balance effectiveness of a flap having a 0.35¢cy over-
hang generally was less than for a plain flap or a flap
heving a small aerodynamlc balance. When the angle of at-
tack and the flap deflection were both positive, the test
data indicate that with a blunt or medium nose flap, the
largest gap gave the highest values of airfoil section
1ift coefficient and the most balance effectiveness at
large flap deflections,

Tae effect of tab deflection on the hinge-moment coef-
ficient of a flap with 0.35cy aerodynamic overhang was less
than for the same size tab on a plain flap, but this reduc-
tion in balance effectiveness of the tab was very slight,.

Phe minimum profile-drag coefficient was obtained
with the bPlunt nose flap neutral and with the gap sealed.
The mediur and sharp nose flaps gave increments in minimum
profile-drag coefficients of 0.0014 and 0.0024, respective-
17, over that obtained with the blunt nose flap.

Langley Memorial Aeronautical Laboratory,
Hational Advisory Committee for Leromnautics,
Langley Field, Va.
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TABLE I

NACA 0009 airfoil

[A11 G@imensions in percent chord]

—
) Ordinates
Station :
Upper Lover
!
0 0 0
1.25 1.42 -1.42
2.5 1.96 ~1.96
5.0 2.67 ~2.67
7.8 .15 ~3,15
10 3.51 -3,51
15 4,01 -4,01
20 4.30 -4,30
25 4,46 ~4,46
30 4,50 -4,£E0
40 4,35 ~4,35
50 3.97 -3.57
60 3,42 -3,42
70 2075 -2075
80 1.97 -~1,97
30 1,09 ~-1.09
95 260 ~.60
100 ( .10) (-.20)
100 0 0
Leading edge radius: 0.89
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Medium nose profile
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1056 B ‘ 3000
Station Ordinate \,— :
7 [/ )4 II ,7
3 54 i/ v . .
‘&0 07 ' ” s Chord line i Fair fo e/m“%
L.00 132 H | ' - . A - -~
. 2.00 1.79 |‘ \ Hinge axis—"|
3.00 2.09 , W\
400 230 ’
1
57% g-gi 7l block for ./ gap BLUNT NOSE
y ; 72/l block for .5 gap
% g;; ~—Tail block for 1.0 gep | :
13.00 2.56
1490 2.4 ]
/ 1y 6.00
I
H Chord line~ From C-C' to 1ail of —
il i ox/ /ap, fair To sirfoil. \
\\‘\ rosR e e /’;2/2 Plain reb
‘4 \
: 1———4‘& ¢ See Fable for ordingtes
MEDIUM NOSE of medium nose
— 4 40—
1
7] — 25
7sY
PR /17 A[: £
Ny B
i P Chord line N 1N From B-8' to tefl of
il 1 - 7 - ' ' - - - - -
f || i‘l Hinge axis=] \.r 1500 R Flap, Fair fo eirfoik
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NACA ' . Fig. 3a
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Arrfoil section liff coefficient ¢,

(b) 0.001lc gap.

Figure 3.- Continued.
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Fig. 3d
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WACA Fig. 4a
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Fig. 4c
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